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I - L t ~ ~ t c r n f > n t  of t h e  Problem 

Thir; problcm was prpsentc?d i n  a l e t t e r  from t h e  
G l ! i ~ f  of Orc-nance (00 472.54/5709; AFG 472.!1/288, A p r i l  2 3 ,  
1937) a s  f o l l o w s :  

''Acnurce t h h t  i t  i e  d e s i r e d  t o  o b t a i n  a v e l o c i t y  of 
1 U l O  f / s  v5tL u !i5l4, C a l i b e r  -50 btirlrel u s i n g  a 750 g r a i n  
p r o j e c t i l e ,  ?rake an e s t i m h t e  of t h e  p c r c e ~ t a p  of r;itro- 
p l y c e r i r ~ e ,  the w e i d i t  . , o f  c l iurge ,  an6 t h e  c h s e  c a p a c i t y  ~ * e q u i r e d ,  
S t t i t e  the  f a c t o r s  I n  t i ie c a 1 c u l e : t i o n ~  which a re  d o u b t f u l ,  and 
propose  exper  i n e n t  e t o  evtil.ua t e  them . I" 

I1 - P l a n  of I n v e s t i c n t i o n  

T h i ?  r e p o r t  i s  ' b t i s ~ i !  upon comput,,stlori~  mud^ bv a 
me t t  XI d~ve10?>cr i  a t  Aberdeen P r o v i n g  Ground. Yl'i t h  tt-;is me t i : & ,  
i t  i s  n t ? c e ~ s a r ~  t o  have t h r  p r e s ~ u r e - t r a v e l  c u r v e  of t k ~  pwn 
o  h i  t h e  c s l c u l u t i o n s  a r e  b e i n e  made, I n  t h e  c a e e  o f  
a new .run, H ~ r e s ~ u r p - t r a v e l  C I I Y V ~  o b t ~ i n e d  expcr1rnenCally 
f w m  a p n  htivlnf; t ~ ; ~ p r o x i r i u  t e l y  t h e  surne c e t l i b e r ,  maxl.oum 
p r e s s u ~ ~ t t ,  1ee:kvht of ~ h : t r i ; ~ ) ,  e t c  , , m a y  ccrter a s u i t a b l e  
t - t insformat ion ,  be a~sur:!f?d t o  h e  t h a t  OP t k ; ~  new pun, 
I 1 r e ~ ~ u r e - s  obtuiried from t r ~ i s  c u r v e  are c o r r e c t e d  f o r  t h e  
~ t ' f o c t s  of t h e  n n t i o n  01' t h e  p : x - d e r  Far ,  the? f r i c t i ~ n  of 
thc  bulAct i n  t h e  norp,  and t h e  f '1-1ction of t h e  gae i r ,  t h e  
borcl. A f t e r  tile f o x - c e ~  uc  tin^ q jon  t h e  b u l l e t  (and t h e r e f o r e  
the a c c e l t ? r a t l . m )  have been tieterminefi ,  t h e  v e l o c i t y  i~ 
oi;tainert by i n t e g r a t i o n ,  A detail-ec-1 ciccount of t h e  methoti 
i s  p lven  i n  Appendix C t o  t h i s  r e : )o r t ,  

The d i r e c t i v e  r e q u e s t e c  t h a t  c a l c u l a t i o r ! f ,  be made f o r  
ti  inch barrel . ,  A s  a r e s u l t  of t r i a l  c a l c : i l a t i o r , s ,  i t  was 
f'o1,;nd t:wt w, b r ~ i h t  t r a v e l  of 40 ir!cnee w a g  t h e  l o n q e s t  which 
c.:o::ld. be used i n  thi:; ba r re l  w i t h o a t  r e q u i r i n g  an e x c e s s i v e l y  
tk-,ick, charibf.rr, No o t h e r  c o n d l  t i o n s  b e i n g  inposed , a number 
of ~ o l u t i o n s  werc r > o ~ r ; i b l e ,  a n 6  ueoumptionc; had t o  be made 
d ; r i n g  t h c  p r o e r e c s  of t h e  work i n  o r d e r  t o  d i r e c t  t h e  i n -  
v r c t l g r i t i o n  ! , lonl r  whclt seerled t o  'be t h p  most f r u i t f u l  
cil;;nni>l E . 



As t h l ~  maximum p r e s c u r e  wae much i n  excess  of that 
n9r r  r>:-od~ice;? i n  C x l ,  .ij'3 runs ( a ' m u t  5o,OOO l b / i n 2 )  i t  was 
d e c i ( ? r d  t o  c ~ i l c u l a t e  t h e  e f f e c : : ~  of l o n g e r  b u l l e t  t r a v e l  
2nd  ~ l i ~ . h t l v  lower  presr :ure .  A s  the powder p o t e n t i a l e  
rcc:~:lred werib ve ry  hi@-., i t  mas a l s o  d e c i d e d  t o  d e t e r m i n e  
tlic coP*;hintit l o r a ~  of bore l e n g t h ,  muzzle expansion r a t i o , *  
lint1 web t h i c h e e ~  which would r e q u i r e  t h e  l o w e s t  p o t e n t i a l s ,  

l luc t o  t h c  netLod of c a l c t l a t i o r i  employed, i t  was eaf i i e r  
t.1 ~ , x p l o r e  t h e  f i e l d  i n  t k i ~  rmnncr than  t o  assume a p o t e n t i a l  
w i d  c o n p u t c  t lLe  aimensiofis  of thc- Tun ar.d powder g r a i n  re- 
q u i r e d  t o  produce 4000 f t / s c c .  

* The e x m s ! s n  r a t i o  (rj) f o r  ~sj' m i n t  i s  defined as the ratio of the 
aum r! the volune swept o 7 ~ t  by t h e  bt,se 3f t he  b u l l e t  up t o  that u c i r , t  
Rnn the origiml free volume, t o  t he  i3r ig i r l~ l  f r e e  rolume T2e m u z z l e  
e x ~ a n s f o n  rcr t ic  ( r e )  is t h e  value w!len t h e  base o f  the proiectila is 
leaving tk.6 gun. 



!!Itixim~un P r e  e ~ u r e  

Thenct v r ~ l u e s  a r e  p l o t t e d  i n  E'ig-ure 1. i3asecl upon 
tf:clee t h r e ~  p o i n t s ,  a n  ex t r apo la t j . o r1  W E ~ S  ~ F ~ ~ O T I T I P ~  which  
i n 6  i c a t e d  t h a t  t h e  p o t ~ n t i a l  r e ~ c h e s  app rox imt i t e ly  a 
maximum v a l u e  of 1 , 8 0 5 , 0 0 0  f t  ~ h / l b  i n  t h e  ne iphborhood of 
654 n l t r o ~ l v r ~ r i n e .  T h i ~  v s l u e  m s  a c c e p t e d  a8 the m ~ ~ x l r n u m  
a v t i i l h h i e  p o t e n t i a l  f o r  t h i s  t y p ~  of p r o p r l l a n t ,  

I t  I s  t c  be n o t e d  t h t  t Y * e ~ e  v : * l l : e ~  of powder p o t e n t i a l s  
&IT ro\ ipfTly 250 ,000  f t l b / l b  l o w e r  t h a n  t h e  vrtlucfi g i v e n  by 
Crow and brimshaw* f o r  compw-&.ble p o n d e r s .  Accord ing  t o  
t h e i r  work,  t h e  maximum a v a i l a b l e  p o t e n t i a l  would be a b o u t  
2,Cl5O,OOG f t  l b / i b ,  

Thc rncthod used tn t h i s  i nves t ; . i . a t i on  i r ;  a c o n p r i s o n  
n e t h o d ,  T h a t  18, t h e  c a l c u l a t i o n r .  a r e  e n t i r e l y  d e p e n d e n t  
upon experfir?r>ntwl fir in^ anti 6 0  i t  i e  impor t t i n t  t o  know t h e  
c o ~ : d i t i o r , a  o f  that f i r i n g ,  a s  t h e v   how how much t h e  c , ~ l c u -  
P:~ted r u n  d f l ' f e r o  f rom t h e  e x p e r i n e n h l  gun ,  

The compuriuon f i r i n g  f o r  t h c  p r e s e n t  work was per formed 
w i t h  t h e  f o l l f ) w i n g  v a l u e e :  

Powdrr H e ~ c u l e e  1770.5 
P o t e n t i a l  1 357,000 f t  l b / l b  
Charge  240 g r e i n a  
Xeb ~ ~ l 3  i 
I n i t i a l  f ~ e e  volume .398 i n  
!tlaxim~m P r e s ~ u r e  

9 
P i e z o - e l e c t r i c  64,000 1 b / i n z  
C ~ P P ~  5 0 , 0 0 0  l b / i n  

P o t e n t i a l  



Hul le t  Trevel 

1,850,000 1 ,810 ,300  1,725,000 
1 , yy), ooo 1, gig, oco 1 ,700,000 
3,220,000 2,360,000 2,(.170,000 

Tihen the web WHF; rissurneci t o  burn th rough  a t  16 Inches 
b1117et  t r t ~ v e l ,  usin&; u maximum rpnsure  of 80,DOCi l b / i n 2  the  
~ o t e n t i a l s  r r q u l r e d  t o  produce b O O  ~ t / f i e c  were: 

Hulle t T r a v e l  

lcll II kg  11 5 2 I' 

'I'ht: f if :ures concerning- these  c h h r ~ e s  a r e  [r lvnn I n  
' i '~ri.le 111, and t h  poteri"sial su r f ace  Is  p l o t t e d  i n  F i g u r e  3 ,  

Vhen i t  was aseumad that t h e  veb burned t1,rouah after 1 2  
;r,ches of  bill-le t t r a v e l ,  a t i l l  h iphe r  p o t e n t l b l s  were r equ i red ,  
tic,-; n o  inves  t i g ; ~ t l o n  wae made of p o ~ d e r s  having th inne r  webs, 
{ s e e  F i p u r e  1J und Table I V )  , 



A ; ~ o t e n t i : t l  ,)f l ,dO~,OOO f t  ~ b / l b  has been adop ted  a0 
tiic narimun arhlch may be o b t a i n e d  i n  doub le  base powders, 
ThL :- V . , ~ I : P  was d e t e r n i n e d  b y  e x t r a p o l a t i q n  from the known 
p q t ~ n t  L H ~ R  ~ ? f  tWce  p o w d ~ r r ;  h v i n y  d i f f e r e n t  n1t ros : lycer ine  
i . o n t ~ n f , s ,  The e x t r a p o l a t e d  " i ~ u r e ,  mfiile i t  is a s  a c c u r a t e  
ELF t h e  d a t a  per3:rli t , is pr80ba'>ly n o t  e x a c t .  Consi* e r b b l e  
c1oi~l.t e x l p t s  a3 t o  v..ilt.tiler t ' h  p o t e n t i a l  a t t a i n s  a t r u e  
m~xirnum, i t  aeen6 more l i k e l y  t h b t  t l l ~  p o t e n t i a l  w l 1 1  cnn- 
t i n u r  t o  i n c r c : i ~ e  slightly tip t o  100> n i t r o g l y c e r i n e .  F u r t h e r ,  
t he  accc>pted vy l1 .1~  c a n n o t  be c o n ~ l d e r e d  ~ x u c t  becau~e of t h e  
e P f e c t s  o f  d i f f e r e n t  amounts  of ~ t a b i l i z e r ,  v o l a t i l e s ,  e t c ,  

Viemod i n  th is  l i y l i t ,  1,805,QOO f t  l b / l b  muet be con- 
s idered  M S  ~ ~ p p r o x i r n t ~ t e l y  t h e  m x i n u m  a v a i l a b l e  p o t e n t i a l ,  
T 1 1 i 0  v u l u e  r-hollld bc 8uf r i c i ~ n t l y  acnurz i t e ,  8 8  t h e  use  of 
i~ ig i l  n i t r a o , r l y c e r l n e  c o n t e n t  i~ cAttended w i t h  many p r c l c t i c n l  
d i f f l c u l t l & > c ,  m d  i t  i s  u n l i k e l y  that such a powder  ill 
a c t u u l l t  be u s c d  , 



The method used  f o r  t h e s e  c ~ l c u l a t i o n ~  d o e s  n o t  (na  may 
be seen  by exemlr~t i t ion  of Appendlx C )  t a k e  i n t o  c o n s i d ~ r a t i o n  
t h e  i n c r e a s e  o f  t:r,nrgy d e l i v e r e d  t o  t h e  p r o j ~ c t i l e  by reasor: 
of t h e  cnlar6!.err,ent o f  thr chamber ove r  t1;e borr ' ,  One r a l -  
c l ~ l c i t i o n  mas matie t o  d e t e r m i n e  the  m.tgn:,tude of t h i s  e f f e c t ,  
a n ?  I t  vvrtfi f o l ~ n d  t o  i n c r e a s e  the  muzzle v e l o ~ i t y  by a b o u t  
35 (!.n t h i s  c a s e ) ,  

I n  w i n g  thir :  n r thod  of  ~ u l c u l a t i o n ,  a a  w i t h  o t h e r  con-- 
n u r i ~ o n  ncthoci.s, i t  i f :  ~ 8 s e n t i a l  t o  accurt lcv t h a t  o n l v  s m a l l  
chcmpes  be i n ~ ~ l v e d ,  I n  t h e  p r c a e n t  c a s e ,  tile new gun a l r f e r s  
t r r e ; i tby  Prom t h r  onc r x k f r ; l ;  c a v e  tkte p r c e n u r c - t r a v e l  c u r v e ,  
G r e a t ~ r  uccilrctcy ctm be obtc;nrc' from t h e  c b l c l i l a t i o n s  i f  a 
r ? r e s s u r e  rt.r:)rd IF m t i e  u n r i ~ r  c o n d i t i n n a  more l i k e  t h o s e  i n  
the 4000 r t , / s ~ c  trm, 



2 .  If  a muxinum nrp5sure of' o n l y  SC,: '?C 1 b / l n 2  is 
p e r n i t t e d ,  i t  is exnected  t h ~ ~ t  a b a r r e l  a t  l r a s t  56 i e c 1 . e ~  
l o n g  w i l l  b~ r e c p i r e d ,  I I F ; ~ : ? ~  t h e  same ; sowd~r ,  i n  qrdrr t o  
o b t a i n  ~ O C W  f t / s e c .  
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Mote t o  tii!? Tables - 

T h e  f r e e  Fnnce e x m n n i o n  r n t i o  a t  the  
r-uzz!e, 

T l ~ e  f r e e  fipeLcP e x m n s i o n  r a t i o  a t  t h e  
 bas^ of t h e  h u l l c t  when t h e  web b u r n 8  t h r u ,  

i t  , in rraine. 
T h i c k ' l ~ f ; ~ ,  111 i n c h ~ s  (a ; inyl t?  p e r f o r a t e d  g r a i n )  . 
r 8 0 t c n t i a l  of the p r o p c l l ~ n t  in ft lb/lb 

* T . - t t i n e  z a l c u l i , t i o n s  rnriae b y  t h e  metho:! o f  Appendix C gAve 1;01~! f t / s e c ,  
hen yet: i :>,l:~tscl , us ing  the I P R : ! ~ I I ~  .given ir: t h i s  t ab le ,  i ~ n d  correct ing 
:'or i h e  effect A l J e  t o  the i n c r e a s d  d i m s t e r  o f  the chtunber, a ~ 0 i o c i t y  
cf ' t ? (0  fr ' :ec m:; obtai:ln:l Tnic: 1 s  an increase  o f  approxi~nnte ly  3%. 



( b )  Ibuz:.lt> er. !ri:?::',oti r t ~ t  io 
(rQ = 1:; 

1,9'7S ? 0 1 9 3  
7LL o . ,  7 ,02  









h = C o : o r ~ ~ : t i o n  f'uc:tor f 'or  m o t i o n  of the uomder 
6-hs (:;fie below) 



* A . ? *  ; ??:-I1 i s t i c  Laburetcry S e p o r t  No, j c  - dOn tne  !!ction of  t h e  
Fonder >as " - by F. 2 ,  Kent. 

*+  4.', 1; 3all is ,zic  L a b ~ ; ~ t , < ~ r y  :-erlor t No, 3 - ''Analye? s of  Pressure-Time 
h:rve.j: f o r  t1.e CSrl i c h  R f  f?ell - ~ d d e n d u n  "%ri v a t i o n  o f  the Travel-Time 
Curve f o r  3er l ich  Rifle f r o m  the observed Preesure-Time C u r v e s ' ~ y  
??. F. Fansey.  Jr  



The b u l l c t  f r i c t i o r , ,  n ,  W ~ S  cl e t t ? r m i n e d  by a r i u l v n i s  
bc~oc=i: ; inon r ~ c c : : t  f ' i r1r ;ps  a t  v a r i o ? l e  v e l o c i t i e s ,  cori i lwted 
e x p r e s ~ 1 . y  f o r  t h e  d e t e r m s n t l t l ~ ~ n  o f  t h i s  c o n s t a n t , *  

i> = the ~ p r : c i f  LC r e a l c t t t n c e  of each e lement  of t h e  
~ H Q  column t o  movcment a l o n g  t h e  b o r c ,  3 2 
i c  i n  such  u n l t o  t h a t  the t n t e p a l  Is  I n  l b / l n  . 

K = A c o n s t n n t ,  in this C t i G r  t aken  a6 . O O j j .  
( ~ ! i i r ;  c o n ~ t a n t  W&R d e t e m i n e d  i n  c o n J u n c t i o n  

v l t h  3 a b o v e ) ,  

p = The c h r w  d c n ~ l  t y  a t  m y  i n s  t ~ n t  ( I  b s ,  of ~ x w d e r  
5 i v i d e d  by t ; o t ~ , l  cct,ic i n c h e s  betureen pro-  
J c c t i l c  an6 breech) . 

V = t he  v ~ l o c i t y  of the p r o J t c t i l e  a t  t h e  po in t  e ( f t / s e c ) ,  

.' = a n  e c j ~ ~ l ~ t r ? e n t  l e n c t h  of bore 'mvlrqV the same e u r f a c e  
as  t h e  l z t e r l o r  oP t h e  c a r t r i d g e  case ( i n ) ,  

F o r  a diocussfon o f  the analysis, see A.P .G .  Ballistic Laboratory Eeport 
No 3 ''Analysis o f  Prassure+ime Curve8 for the  Serlich Riflen by J. R. Lane, 



!i;;vlner t l  P iiliovc ele:nf 'r t := , *: , .  . i 3  typ:c:a.l p r t t ~ . c u r c -  t r a v e l  
C:lr7ve , i . r ~ ! !  a!: est;.vi;~te!i !vej cl'r t o.? c!;tlr~e , t l ' i~  :tc?:~vf? e c l u a t i  o n 6  
(2) t 3  ( ' 7 )  ~%,:.blt? $;.if' C C ~ ~ C U ! . ~ : ~ ; ~  ' 2 ~  of' % l , i ?  ~ C C , ~ - L > T . ' ~ L + '  L L I ~ F  ; 3 r p f i S l i r f ' ,  

k f g ~  ~ t s v v r a l  p o i n t s  alon(:. t!!e C T L V P ~ ,  t ? ~  pCc7ttj.:-:? of a '  

V = v ~ l o c l  t y  3f ?ro , lc-c t l le  ( f t / a e c )  , 
3 

A = :<ma of bore ( I n L - ) ,  

s = t r a v e l  of t he  j ~ r o j e c t l l e  ( f t ) ,  

muzzle v r l o r : l t y  doc8  n o t  ak?ree v i t l i  t l ,a t  r , s s ~ l m ~ d ,  i t  i s  
n e c P s m r y  t o  assume r, n m  "*e i sh t  of cl1drgc: mc! t o  rec; i lcxI stte 
~ n t l ~ e l y ,  



* ? ' ~ ~ i s  e q l u i t i o r i ,  w h i c h  is due t,o f,!r., Lane, is derived f r o m  tho ftunillar 

rci te-of-turn ir+- eqguation a s  foL l..)we Term% coztaining the  constant have 
been neglected) : 



q = cros6 o e c t j - o n a l  area of the  b o r e ,  

r = e x ; ) o n e ~ t  I n  the r t i t p - o f - 3 u r n l n g  e q u a t i o n ,  


